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(54) Method of noninvasively enhancing immunosurveillance capacity and apparatus for 
applying pulsed light to at least forehead 



(57) The invention provides a method and an appa- 
ratus for enhancing immunosurveillance capacity, par- 
liculatly. NK cell activity, without administration of med- 
ic ino& or immunological therapy, through noninvasive 
and simple method. The invention provides also a meth- 
od and an apparatus for enhancing power of concentra- 
tion ol users in intellectual activities. 

The method according to the invention is carried out 
by applying lo the forehead, with foreign lights being ex- 
cluded, a pulsed light in the frequency range of lrom 0.5 
to 13H/. preferably in a frequency of a representative 
value in alpha wave band obtained by measuring brain 
waves of users or any frequencies near that represent- 
ative value. NK cell activity is surely enhanced by the 
pulscd-lighl application with the eyes of users being 
shielded. 

The apparatus according to the invention compris- 
es a filling device detachably fit onto the head or fore- 
head of users, a light emitting moans for applying pulsed 
liujil in the frequency range of alpha waves to the fore- 
head of users, electrodes for measuring brain waves 
unci an adjusting means for adjusting frequencies of 
pulsed light. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of noninvasively enhancing immunosurveillance capacity and an appa- 
ratus lor applying pulsed light to forehead for realizing the method, and more particularly to a method using a nonin- 
vasive means such as applying pulsed light having frequency in the range of 0.5 - 1.3Hz, preferably B - 13 Hz. to the 
forehead or the head including the forehead of a user to enhance the immunosurveillance capacity and also power of 
concentration, and an apparatus therefor. 

It is hitherto known that cell-medated immunity, particularly. NK cell activity readily lowers due to mental or physical 
riiccs and the lowering of the cell-mcdatcd immunity is the most important fact leading to occurence ol tumor. Effective 
moans foi increasing the cell-medated immunity is quite few. For example, activation of NK cell may be urged by 
application ol a medicines {e.g., poly 1:C) or cytokinin (interleukin 2, etc) produced by gene engineering, but a targe 
amount ol administration ol those for a long term causes NK cells to have resistance to them, and adverse effect ol 
Ihn medicines are not negligible. 

Details ol relationship between alpha ( cx ) wave and the immunosurveillance capacity such as NK cell activity have 
not been clarified. But. many attempts have been made based on the fact that when mental or physical stress is low 
or non at all, alpha wave of brain waves increases, and the concept that increment of alpha wave leads to elimination 
of the mental or physical stress. 

For example., for relaxation and hypnogenests, the subject is caused to listen to sounds having a frequency in the 
range of alpha wave, or a pulsed light having a frequency in the range of alpha wave is applied to the eyes of the 
-subject. Feeble electric current in various wavelengths is produced dominanlly in human brain and the alpha i u ) 
waves in a frequency range of from about B to 13H7 arc produced much when a human being is in a relaxed state 
i(otaxHtion). leading to such principle lhat stimulus having the frequency in the above range is applied to a human 
bomg to induce the human being into a relaxed state, on which principle those attempts are based. It is tr ue that aloha 
waver, increase by a mental effect through "ZAZEN (a sitting meditation among "Zen" practice used in Buddhism school 
widely known in Japanese or olhers)" and external stimulus from the outside of human body, such as light. Also Hie 
alpha waves are produced much in the human brain when the human being concentrates his consciousness upon any 
thing at which the produced frequency is about 10Hz or more, slightly higher than the relaxed state (about 9H/ oi 
less) It is said that Beta ( |1 ) waves are prevalent in an active or excited mental state, having a frequency ranging from 
about 14 to 30 H7. and brain waves generated during drowsiness and light sleep are theta ( () ) waves in a frequency 
band ranging from about 4 to 7 Hz, and those in coma or a deep sleep being 6 waves ranging from 0.4 - 4Hz. 

Among alpha wave stimulation means conventionally used, a simplest feature is to cause the subject to listen to 
sounds recorded in the recording tapes or CD (compact discs) in the frequency range of alpha waves. Also, a photic 
stimulus generally uses, as shown in Japanese Patent No. 1150057 and US Patent No. 43155002. an eyeglasses or 
goggles including a lamp on the periphery of lens and a pulse signal generator which outputs a lamp lighting signal to 
the lamp. When the pulsed light is applied to the closed eyes of user, brain waves arc synchronized with the frequency 
<>f iiio pulsed light through ihe path of vision and around occipital lobe's visual area, which phenomenon oi reaction is 
called photic driving reaction. Still another feature is as proposed in Japanese Patent Laid-Opcn Publication No. 
03-44536 lhat current of a low frequency corresponding to alpha waves is applied lo flow at both lateral sides of the 
head ol Ihe user. 

The frequency output in those conventional features is fixed or constant to thereby have less ellects on the usei 
oi cause the user to feel uncomfortable. In detail, the alpha waves, which are brain waves in the frequency range from 
£ to 13H7 as foregoing, differ in specific frequency bands readily produced and average of detected frequencies, 
depending upon each testee due to different rhythms ol alpha waves inherent in each testee. Also, the same person 
has a subtle change in the produced frequency bands and the average of detected frequencies ol alpha waves de- 
pending upon his physical condition and time in the day tor testing. Hence, the stimilus based on a frequency largely 
rliffciing from alpha waves inherently produced in the human body does not provide favourable effects but results in 
ill oMects 

A pioposal adopting measurement of brain waves tor providing stimulus based on a representative value ol alpha 
waves oi any frequency near the same has been made to solve the above problem, as seen in Japanese Patent t.aiti- 
Opcn Publication No. 03-70572 wherein a goggle lor inducing brain waves comprises a head band including a a liqhl 
shielding member on the user's face covering the users eyes, a light emitting pan provided inside ihe lighi-shielding 
member, and brain wave electrodes through which brain waves signals arc measured according to which light-emitting 
signals ol the same frequency as of alpha waves arc sent to a light-emitting part. The goggle is used as applying the 
light lo the eyes of a user in a relaxed state with the eyelids covering the eyeballs. This art is called "Photic Feedback" 
by h kind of biological circuit including the user himself in a closed loop wherein the aimed alpha waves arc induced 
intensively and quickly through the photic feedback, thereby bringing the user into a relaxed slate quickly. The ar t has 
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been published in USPalent No. 5241967 (based on Japanese Patent Laid-Open Publication No. 02-168932 and other 
two publications). 

According to the photic driving feature, the pulsed light hits the eyes even when covered by the eyelids. Hence, 
ihc slimulus prevents users from being brought into a sufficient relaxed state, and alpha waves do not increase This 
problem cannot bo solved by the photic feedback technique. In addition, the photic driving feature has a critical defect 
due lo the eyes of user being covered. That is : alpha waves have function facilitating volition and power ol concentration 
as well as hypnogenesis and relaxation. The more Ihe power of concentration is increased, the higher the efficiency 
of metal activities such as rcading : learning, studying or literary work becomes. It is impossible to do such working with 
the eyes being covered. 

Similarly, sounds in the frequency range of alpha waves hinder the reading, learning, studying or thinking, and the 
monolonous sounds may irritate users. In the meantime, another conventional feature causing current ol the low Ire- 
quoncy to flow in brain of user results in disturbing brain wave itself. Use of this feature is dangerous even ustng a 
tooble current and prefeably requires controlling by doctors. That is. the feature is not readily usable by ordinary pet- 
tons. 

The inventor /ealoursiy studied to solve those problems and obtained the results as follows. The inventor applied 
the pulsed light not to the eyes of users but lo the forehead placed above the eyes and found the phenomenon that 
alpha wave com pon ent of brain w aves extracted through the forehead increased, and the user was brought into a quite 
favourable relaxed state and had an increased power of concentration. This is inferably because the forehead, which 
is the center of volition will and language^bTspeech. was activated by increment of alpha waves, particularly in the 
fiequency range of about 10Hz or more. Also : such phenomenon was surprisingly found that im munolog ical activity 
(NK cell activity) of the testee increased during and for a while after application of the pulsed light. Such phenomenon 
had not been known at all and was found first by the inventor. 

The method according to the present invention has been achieved based on the results of experiments for proving 
that phenomenon, and the apparatus for applying pufsed light to forehead according to the present invention has been 
HChiovod as a means for embodying Ihe method. Next, the present invention will be detailed with referring to the 
experiments. 

The method according to the present invention enhances the immunosurveillance capacity and power of concen- 
tration ot users by applying to the forehead or the head including the forehead of the users a pulsed light having a 
ffcqucncy particularly in the range of alpha waves. The immunosurveillance capacity is an immunologically surveying 
I unci ion to distinguish a newly produced aberrant cells, such as malignant cells (cancerous cells), including a new 
antigen generated by mutation of somatic cells, and reacts on (i.e., rapid breaking) the aberrant cells. Cells behavingthe 
immunosurveillance are macropharge. B cells. Killer T cells and NK cells. 

NK cells (natural killer ceils) does : from the birth of the persons and without necessity of sentitization against 
antigen, distinguish cells infected with virus and cancerous cells andd give to those cells activity of breaking themselvc. 
The NK cells are immunocyte fulfilling most important duties in immunosurveillance for prevention of carcinogenesis. 
Also. NK cells serve as defence cells at local areas of dissemination in the so-called metastasis wherein canccratcd 
cells disseminate from a focus hcmatogenicalty and lymphatically. Hence, improvement of activity of NK cells is very 
much important for prevention and cure of cancer. In this regard., the application of pulsed light in the frequency range 
ol alpha waves to the forehead of users should be quite significant. 

II has been reported that NK celt activity can be enhanced by administration of virus and BCG and increased by 
inlcricron. intorlcukin 2, etc. According to the present invention, NK cell activity can be enhanced not by administration 
ol medicines, so lhat there is no fear of adverse effect by the medicines. Although lowering of noradrenaline among 
catecholamine (naming generically adrenaline : noradrenaline and dopamine) was observed in application of a pulsed 
light to the lorehead of user, no change was seen in adrenaline, dopamine and [5 -endorphin. Also, users did not feel 
uncomfortable in application of the pulsed light to their foreheads. In these respects, there is no feai ot adverse effect 
by application of pulsed tight to the forehead. 

The "forehead" referred to in the invention means the part of face placed above the eyes, i.e., the so-called forehead 
and the area near the same including the middle of the forehead (exclusive of the eyes and other pans placed below 
the forehead), and also includes the case of application of pulsed light to the "head" including the forehead as well as 
the case ot application to the lorehead. (The "head" referred to in the invention means the part placed above the eyes, 
excluding the eyes and other parts placed below the forehead) Specific mechanism of enhancement of NK cell activity 
caused by applying pulsed light to the forehead has not been clarified. But, it is said that sensory organ ol conanum 
exists in the forehead, and it is inferred that conaiium is stimulated by the applied pulsed lighl through the sensoiy 
organ, although a location of the sensory organ has not been specified. 

Hence, the target ol applying the pulsed light may be the area of a part of the forehead about 5 - 10cm in diameter 
including the middle of the forehead. 

The pulsed light referred to in the invention is a periodic intermittent light. Pulse referred to in the clcctnc art means 
voliaqe and current having wavelorms other than sine wave and generally means square wave. Time from rise of a 
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wave to rise of a next wave is called a period (T) and an inverse number of the period f-l/T is called a repealed 
iicquency. The frequency of pulsed light in the present invention is the repeated frequency. The pulsed light of the 
invention includes stroboscopic light and a light provided by intermittently shutting sunlight and a general lighting beam. 
Such pulsed light when applied to Ihe forehead and the head serves as a kind of photic stimulus. 

The method according to the present invention dees not exclude that the pulsed light is applied to the eyes The 
pulsed light even when applied to both of Ihe forehead and eyes provides tendency of enhancement oi NK cell activity. 
But the pulsed light when applied only to the eyes did not have a result of a significant difference in enhancement of 
NK cell activity and there was observed a tendency of lowering of that enhancement depending upon specific users 
on which any reasons have not been found. By contrary, the pulsed light when applied to the forehead with the eyes 
being shielded showed a significant enhancement of NK cell activity. Thus, for the purpose of enhancing NK cell activity, 
the eyes arc prefcably to be shielded upon application of the pulsed light to the forehead. In the above two cases of 
applying the pulsed light to the eyes, alpha waves increased largely particularly at the occipital region together with 
amplification of amplitude. By contrary upon application of pulsed light with the eyes being shield, alpha waves in- 
creased only at the forehead. Since the forehead is the center of volition, will and language, application only to the 
forehead is enough to increase power of concentration 

Application of pulsed light in the invention may use any methods by which the light can be applied to the forehead 
and the head including the forehead, such as that a fitting device having a fight emitting means is fit on the head of 
users, that users may place the forehead near an electric stand having a source of pulsed light, or that a fitting device 
provided wtlh a shutter intermittently shutting sunlight or an illuminating light is fit onto the head of uscis to cause 
pulsed sunlight or illuminating light to be applied to the forehead. Applying the pulsed light is preferably to be carried 
out wilh the forehead being completely or substantially not applied with foreign lights and with the users being in ;i 
relaxed state. 

Frequencies of the pulsed light is in the range of 0.5 - 13Hz and preferably 8 - 13Hz as of alpha waves. 1 4-30H/. 
the range of beta waves is not preferable due to causing excitation. Other frequencies such as theta waves and delta 
waives in the range of less lha 8Hz also exhibit enhancement of immunosurveillance capacity and power of concen- 
t ration, which is though lower than alpha alpha waves, and higher frequencies makes larger the enhancement effects. 
•However, the frequencies when having difference from those of user's brain waves have not the enhancing effects or 
contrary, tower the same. Thus, it is preferable to use a pulsed light having a frequency corresponding to a represent- 
ative value of alpha waves obtained by measuring the brain wave of users or any frequencies near the representative 
vhIuo Selection of the frequencies may be manually carried out. and the most preferable feature is that during appli- 
cation of pulsed light, brain wave signals of users are extracted to a brain wave inducing device which picks up signal 
components of alpha waves to calculate a representative value thereof and feeds back the representative value or any 
frequency near the same as a light-applying signal. According to the feature, users when use the method of the invention 
m their sleeping may favourably have a gradual reduction of frequency Irom the range of alpha waves upon going to 
bod to the theta wave range in sleeping, and be not subject to physiological pressure 

The invention uses LED as a light source for the pulsed light since LED is small in size, lightweight to be readily 
applicable, but the light source should not be limitted to LED and may employ any artificial light sources radiating visible 
light beams or infrared, such as a tungsten-filament lamp, etc. Illuminance of 30 - 50 lux showed a sufficient effect 
Sunlight or illuminating light may be also applicable wherein a fitting device provided with a shutter intermittently shutting 
sunlight or illuminating light is lit onto the head tocause pulsed sunlight or illuminating light to be applied to the forehead 
of users. 

Next, the experiments and'resufts will be detailed. 
(Experiment A) 
Apparatus lor experiment 

A photo-feedback device (called hereunder PFB device, RELACTI VE 1 : Pioneer Electronic Coiporation) for menial 
relaxation was used in the following manner. The PFB device comprises an easy-chair for the lestee, a band type 
electrode to be fit on the head of the testee (2 electrodos are retained both lateral sides of the forehead), a light source 
for application o1 light to the eyes oi testee {red LED, 660 nm). and a control unit which picks up. by use of a bandpass 
tiller having center frequency of 10.0Hz, alpha wave components from brain waves extracted from the testee and 
controls in real time a frequency and amplitude of pulsed light according to the frequency and amplitude of the picked 
alpha wave components. Controlling the frequencies of pulsed light as above is called the photo-feedback (PFB). Also 
used in the experiment were a multi-channel btoamptificr (Biotop 6R12-4 (NEC San-ci Co.Ltd.) provided with a cap 
lypo electr ode having 1 6 electrodes thereon) and an alpha wave bio-feedback device (FM51 5. used with sounds signals 
being cut: Futck Electronics Co.Ltd. ). The cap type electrode was used in 1 st and 21 st PF8 : and the band type electrode 
m others (Experiment A(a)). 
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Methods and Results of Experiments 
Experiment A(a) 

Subjected to experiment were testees, 1 3 healthy men having had no mental and physical stress, set in rest (silling 
on ihc easy chairs inclined 30-45 degrees) with eyes not shielded against light. Illuminance of pulsed light was about 
30 lux (set apart from about 10cm), As shown in Fig. 1(a). PFB (application of pulsed light before the testees' eyes for 
^0 mm each time) was carried out 21 times to measure brain waves each time and check change mainly in alpha wave 
component. Also, at the 1 st and 21 st PFB, the cap-type electrodes were used and blood collection was made to chock 
rh;tncje in immunosurveillance capacity. Since either the cap-type electrode or the band type electrode was fit in inr 
oxpcf irncnl A(a). the forehead was covered at the upper half, so that application of pulsed light to the forehead was low 

Fllcctivc amplitude of brain wave in the frequency range ol 10.0± 0.5Hz produced at occipital region (Oo) in each 
icstce in performance of PFB showed tendency of increasein comparison with the ordinary rest state with closed eyes 
immediately before 21 si PFB. but did not lead to a significant change. The almost same tendency was seen among 
oilier channels But. NK cell activity (measured with E/T ratio of 20:1 ) increased in 6 of the 1 3 testees and lowered :n 
/' before and alter the 21st PFB, and showed tendency ol increase only in the ordinary rest slate with closed eyes jusi 
nficr the 2ist PFB (Fig. Kb)). Particularly, at blood collections D and E, statistical significance level (p) was. p<0 10. 

Experiment A(b) 

Subjected to the experiment similar to Experiment A(a) were testees. 8 healthy men having had no mental and 
physical stress, with such different features as 1 6 dish-type electrodes in place of the cap-type and band-lype clocltodes 
worn in to the head other than the area ol forehead, and the light source was changed in orientation to allow pulsed 
light to be applied mainly to the lorehead ol testees. Experimental procedure was the same as of the experiment A{ai 
(Fit; 1 (rO) and blood collection A was omitted. 

Effective amplitude of brain wave in the frequency range of average of alpha wave components ± 0.5H7 produced 
in each leslee in performance ol PFB showed at the channels significantly increased in comparison with the ordinary 
msi stale wilh closed eyes immediately before 21st PFB. The tendency of increase was higher at the channels on the 
vertex and temple in comparison with other channels as the forehead and occipital region. NK cell activity as shown 
in Fig He) increased in 5 of 6 testees and lowered in 3 before and after 21st PFB and showed tendency of increase 
(but not signiticant) before and after the ordinary rested states with closed eyes (20 min each time) followed by and 
lollowmg PFB. Fig. 1(d) shows average ol the values of the testees in Fig. 1(c) and an extent of dispersion of (hose 
values (standard deviation), from which there is seen as a whole a tendency of increase of NK cell activity upon each 
blood collection. 

In view of the experiments A(a) and (b). the inventor expected vaguely that applying pulsed light in ihe frequency 
i;mgo ol alpha waves to the forehead increases NK cell activity But, applying pulsed light to the eyes showed a large 
dispuiiiion ol fluctuation of NK cell activity and may occasionally have a fear of adverse effect. This is inferred us 
testified fiom that any testees feel stress from the pulsed photic stimulus applied lo the eyes. Hence, the following 
experiments B and C were carried out with the eyes being shielded (but not shielded in the experiment partially). 

{Experiment B) 

Appaiatus for experiment 

This oxpenment employed the photo-feedback device (RELACTIVE 1: Pioneer Electronic Corporation) used m 
Experiment A. partially modified as iltuminace of light source 50 lux (apart about 10cm from the eyes) and orientation 
ol mounting ol light source to apply light lo the center ol forehead, with using 16 dish-lypc electrodes in place ol the 
i:ap type electrode, and the rest used in the experiment A. 

Moihod lor experiment 

Subjected to the experiment similar to Experiment A were testees. 7 healthy men having had no mental and physical 
siioss. wilh such features differring from Experiment A(a) asQ)the eyes were shielded with eye rnasks.©l 6 dish-type 
olectrodes in place of the cap-typo electrode were tit to the head other than the area of forehead. and@thc light source 
was changed in orientation to allow pulsed light lo be applied mainly to the forehead of testees. One dish-type electrode 
was fit at the right side of forehead (near temple: Fp z ). Each PFB in the experiment was carried out 15 min as seen in 
Kig. 2(a) (1st and 2nd PFB) and Fig. 2(b) (21st and 22nd PFB). The 1st and 2nd PFB and the 2 1st and 22nd PFB were 
poilonned in such course ol procedure that a short rest with eyes closed for five minutes followed by the ordinal y 
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rested state with ciosed eyes for 15 min are set before a first occurence of PFB (15 min) (e.g.. the 1st PF3) to be 
chi tied out by the above method, followed by the further ordinary rested state with closed eyes tor 15 min and furthei 
a second occurence of PFB (15 min) (e.g... the 2nd PFB) with the ordinary rested state with closed eyes for t5 mm. 
Blood collection at the 21st and 22nd PFB was made through a plastic needle previously locked up in ancon median 
5 skin vein for painless blood collection in the experiment. The experiments of 1st and 2nd PFB and 21st and 22nd PFB 
including blood collection were performed at the almost same time between 8 to 1 2 in the morning under the conditions 
such as 100m temperature, etc., set as the same as possible. NK cell activity was measured by use ol 5l Ci and at E/ 
T ixl to of 50 ' 1. 

io Results of Experiment and Observation 

Change of alpha waves in 1 st and 2nd PFB and 21 st and 22nd PFB was observed with the multichannel bioamplH ier 
;ind there was seen no prevalent change. Standard deviation (SD) ol brain waves of alpha wave component detected 
at light side of forehead (Fp 2 ) by use of an electroencephalograph assembled to the body of PFB device (Pioneer 

'5 Elect ionic Corporation) was measured 3 minutes each time from start of PFB, for 9 minutes totally, and showed no 
change in 1 st PFB but had a signilicant decrease in the 22nd. 

Pulsed tight in the frequency of 0.5Hz was similarly applied 8 times (not shown in drawings) to the forehead of 
testees. Standard deviation (SD) of brain wave having alpha wave component upon the eighth application of pulsed 
light became slightly lower for a few minutes but did not continue very long. The values of the standard deviation wore 

20 larger by 1 0-1 5% on an average than the experiment B (using about 1 0Hz). It was seen that as a whole, the frequencies 
of brain wave having alpha wave component is more dispersive. Furthermore, a light by the same LED not adapted to 
be a pulsed light was continuously applied mainly to the foreheads of testees as in the experiment B. SD became lower 
as the above eighth application using 0.5Hz but did not continue very long. 

The alpha wave PFB device indicated so regarding 2 in 7 testees in 6th PFB and 1 in 10th - 12th PFB thai a largo 
increment in amplitude of brain wave having alpha wave component not usually shown, appeared at the forehead 
mamfy for 15 mm when the light is being applied. Figs. 4(a) and 4(b) show data of two testees among those three 
Biain waves of which two testees were measured without artifact in the experiment. Average of amplitude of </ 2 (alpha 
wave of 9- 1 1 H7) evoked at the forehead in the two testees for 1 5 minutes in PFB (from 3 min passed to 1 8 min passed 
after slail ol experiment) are 49.6 n V. 42.0 u V. and 48.2 u V, each being 3.53, 4.23, and 4.76 times, respectively in 

:-o comparison with the ordinary 15 min rested state with closed eyes before the 1 st PFB. An average of amplitude of </. 2 
wave ol an ordinary person is about 10u V. 

Those results expresses the fact that a phenomenon similar to the photic driving reaction was produced at a part 
of the head applied with the light (the forehead in this experiment) although the experiment was performed entirely 
with ihc eyes being shielded against the light. 

^ The upper graph part (i) ol Fig. 4(a) is a graph of appearance of prevalent brain waves of one of the above two 

testees in five frequency bands ( H , « v n 2 . « ■ H ). the graduation on the foot showing time passed and the numbers 
;it the right side totals of time (sec) when the brain wave components were prevalent (ART was not measured). The 
intermediate graph part (ii) is a graph showing transition of amplitude of the brain waves in the five frequency bands. 
The lower graph part (iii) is a graph showing transition of amplitudes upon application of of pulsed light, taken from the 

-0 qiaph pail (it). Tables 1(a) and 1(b) are specific amplitudes of the brain waves in the five frequency bands at a certain 
nmc 1 /4 of each ol the values are voltage (u V). Tabic 1 (c) shows maximum values and average of amplitudes of brain 
waves in the live frequency bands in the graph part (iii). Fig. 4(b), Tables 2(a), 2(b) and 2(c) show data of ihe other 
tosice In Fig 4 Tables 1 and 2.0 waves is brain wave component in the frequency range of from 4 to 6Hz u , waves 
I torn 7 to SH/. a 2 waves from 9 to 11H7. a 3 waves from 12 to 13Hzc and \\ waves from 17 to 26Hz 

^ Data was taken this lime with the eyes being shielded against a light using an eye mask. The physiological phe- 

nomenon newly found is inferred to appear when the eyes being open without applying a light to the eyes It was 
indicated this time the fact that when pulsed photic stimulus at a frequency and illuminance suitable just for testees in 
the frequency band of alpha waves and particularly by use of the PFB techniques is applied to the forehead, remaikably 
higher activation of brain waves having alpha wave component arises at a constant probability. Hence, when a person. 

so who has made intellectual activities such as learning, working, etc. : with his or her eyes open and is in a stale that his 
power ol concentration is still kept, starts using the apparatus according to the present invention with his eyes being 
still kept open, activation of alpha waves of the person is inferred to be relatively readily maintained and retained or 
further enhanced according to use of the apparatus. 

NK cells do. from the birth of the persons and without necessity of sentitization against antigen, distinguish colls 
tnlcctcd with virus and cancerous cells andd give to those cells activity of breaking themsolve. The NK cells arc im- 
munocyto most important in immuno surveillance for prevention of carcinogenesis. Fig. 5(a) is a graph showing changes 
toi the testees regarding NK cell activity (%) at the stages before 1 st PFB. during 21 st and 22nd PFB and in the rested 
and eyes-closed stales before and after 2 1st and 22nd PFB. Fig. 5(b) shows average and dispersion (standard devi- 



7 



EP 0 736 307 A2 



ation) o! NK cell activities of seven tostces. Table 3 shows numerical values ot average, freedom degree, t values and 
p values for and among the stages A through G in Fig. 5(b). As seen in Table 3, NK cell activity showed a significant 
increase by p < 0.005 immediately after 2 1st and 22nd PFB and by p < 0.0001 fifteen minutes minutes thereafter in 
comparison with the stage immediately before 21st and 22nd PFB. 

Though not shown, similarly to the foregoing measurement of alpha waves, pulsed light in the frequency range ot 
0.5H/ was applied to measure two times NK cell activity for 15 minutes each lime according to Fig. 2. There was not 
seen a change of NK cell activity in half of the testees. 15 min after each 15 minutes-application of light but was seen 
a tendency of slight increase (about 10%) in the other hall. This is from the fact that the times of application of light 
was smaller in comparison with the above Experiment and the quite low frequency 0.5H/ was used. Hence, facilitation 
ol the ellect can be expected by increasing the number of times of light-application and employing pulsed light in the 
licqucncy range ol thcla ( H ) wave (about 4-8Hz) that is said to increase in sleep, tn other words, it is inferred that a 
pulsed light having center frequency comprising a frequency corresponding to theta waves produced in sleep of users 
or alpha waves in lower frequency range may be applied to provide a sufficiently favourable effect. 

In the meantime, a safe method by which large increment of NK cell activity is obtained about one hour as shown 
in the data obtained this time has not been reported hitherto and also in the study based on using medicines Hence 
use ol ihc method and apparatus according to the present invention is inferred to make a large contribution to prevent 
carcinogenesis and activation of virus-infected cells (e.g., in HIV carrier state, in latent infection with heipes vuus 
etc.) CD57xi6-M in Fig. 6 and CD57x16-+ in Fig. 7 (particularly the tatter) arc said to show a quantitative change ol 
manifestation of specific ceil cortex marker of NK cells. In the present experiment, both of these showed increase or 
a tendency thereof, but the significant levels are lower to some extent in comparison with NK cell activity shown in Fig 
: j Hence, when the method according to the present invention is repeatedly used, activity per NK cell is inferred to 
increase, i.e.. NK cells are enhanced in both of quality and quantity. Effective use as above ol the method and apparatus 
according to the present invention is inferred to give a large significance to the clinical and preventive medicine as a 
sale and high effective method for improving reaction of immunity against "cells in the body to be excluded" such as 
cancerous cells {celt-medated immunity). Table 4 shows numerical values of average, freedom degree, t values and 
p values for and among the stages A through G in Fig. 6, and Table 5 shows numerical values of average, freedom 
degree. I values and p values for and among the stages A through G in Fig. 7. 

In addition to the above examination for immune system, catecholamine (adrenaline, noradrenaline and dopamine) 
and |i -endorphin were examined (not shown). Noradrenaline lowered significantly (by p<0.05) at the stage before 2 1st 
and 22nd PFB in comparison with the stage before 1st PFB. Hence, repeated use of the method according to the 
pi esnnl invention is inlen ed to facilitate relaxation of vascular smooth muscle and constriction ol enteric smooth muscle 
;o cause increase of blood flow through organ and provide favourable digestion, thereby enabling to have an effective 
situation lor biological immunosurveillance. Also, antihypertensive function may be provided to hypertensives, etc The 
others among the abovesaid items subjected to the examination did not show any change by PFB. 

F.xponmcnt C 

(Apparatus for experiment) 

The modified PFB device in Experiment B was used in the experiment with a person. 

(Method lor experiment) 

Rxpciimcnt was performed for a inpatient (man. 16) ot right oplrc nerve glioma, in the stages being treated with 
intoffcion following use of anti-cancer drug before and after operation for glioma, with the eyes being not shielded- 
shielded against light. ©The case before the operation with the eyes not shielded (Experiment C-1 ) had the procedures 
shown in Fig. 6(a) (1st and 2nd PFB) and Fig. 8(b) (2 1st and 22nd PFB). ©The case after the operation with the eyes 
not shielded (Experiment C-2) had the procedures shown in Fig. 8(c) (1st. 2nd PFB) and Fig. 8(d) (21 st. 22nd PFB). 
©The case after the operation with the eyes shielded (Experiment C-3) had the procedure shown in Fig. 8(e). The 
experiment C-3 which since carried out in continuation with that C-2 had no data about 1 si and 2nd PFB. Each exper- 
iment performed 22 times PFB for 15 minutes each time, and changes of brain waves having alpha wave component 
and immunosurveillance capacity were observed in 1st and 2nd PFB and 21st and 22nd PFB (NK cell activity was 
measured with E/T ratio of 20 : 1). 

(Experiment Results and Observation) 

The above three experiments were performed in the order, wherein each experiment had 22 times PFB lor 15 
minutes each lime. Upon 1st and 2nd PFB and 21st and 22nd PFB, observed by use ol an alpha wave biofeedback 
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device (used without sounds signals) wore amplitudes of measured five brain wave bands ( H :4-6Hz. « , .7-BHz. u 2 
9- 1 1 Hz. it. 3 : 1 2-1 3Hz and (i : 1 7-26Hz) and ratio of time when the repective bands were prevalent. Fig. 9 the bar graph 
(sets ot two bars) show results of averages of amplitudes measured and calculated on and in each 21 sl/22nd PFB and 
IS min of each ordinary rested/closed eyes state before and after the 21sl/22nd PFB in the three experiments, and 
ratio of time when a 3 band was prevalent, which band a 3 (12 -13Hz) was most likely to be activated by PFB for the 
lestee among the five frequency bands. The hatched bar graph indicates average of amplitude (uV) of produced « 2 
of 12-i3Hz. and the hollow bar graph the ratio (%) of time (sec) when u 3 waves 1M3Hz were prevail among the 
. (foresaid live bands of brain waves. Fig. 9(a) shows Experiment C-1, Fig. 9(b) Experiment C-2 and Fig 9(c) Experiment 
C-3 

As seen activation of a 3 by performance of PFB was more apparent in the case with the eyes being not shielded 
..gainst light (Experiments C-1, C-2). But. NK cell activity simultaneously measured (shown by the bent lines in the 
diHwmgs) did almost not increase in Experiment C-2, while increased in Experiment C-1 at each of two PFB stages 
;jnd thereafter was kept at the level in the subsequent 15 minutes ordinary rested/eyes-closed state. By contrary, in 
Experiment C-3 with eyes shielded against light, NK cell activity clearly increased in 21 PFB, wherein aclivalion of (/. 
was seen, and the subsequent 15 min ordinary rested/closedeyes state. Experiments C-2 and C-3 for this lestee were 
coined out under the condition having many factors modifying the immunity, as being in treatment with interferon 
following use of anti-cancer drug after operation of the "brain tumor". Hence. It was anticipated that clear data is no! 
necessarily provided on the brain waves and NK cell activity. But, it is interred that in case of shielding the eyes against 
the light, the phenomenon corresponding to the photic driving reaction arose at the head (the forehead) applied with 
the light, similarly to Experiment B (and also partially feasible in Experiment C-1). 

As seen from the above, oven a patient of cancer under an immunologically specific condition due to administration 
of medicines, etc.. when such patient repeatedly uses the method and apparatus according to the present invention 
(provided that each use may preferably bo at an interval of 20 - 30 min or more for a better possibility)., relaxation can 
bo provided and immunological reaction against cancerous cells can be facilitated in safely. Use of the invention for a 
long term is expected to provide the effects as a therapy. 

The inventor has developed the apparatus for applying pulsed light to forehead for realizing the method based 
onlho foregoing results of various experiments. As explained hereunder, a first configuration of the apparatus for ap- 
plying pulsed light to forehead comprises a fitting device detachably fit onto the head ot user and provided with a light 
omitting means for applying pulsed light to the whole head of user including the forehead. The first configuration includes 
such leatuie that the fitting device itself serves as the light emitting means. The first configuration may include an 
adjusting means for adjusting frequencies of pulsed light, electrodes for measuring brain waves, power source and a 
control means lor processing signals. A second configuration of the invention comprises a desk lamp lype lighting 
device including a base (in place of the fitting device to be fit onto the head) to be put on or fixed on furniture such as 
a desk, chair, bed. etc., and a light emitting means connected to the base through an arm. The desk lamp type litiing 
device is usable by users in sitting position or face-up position and may have the pulsed light frequency adjusting 
means and others as referred to in the first contiguraiton. Furthermore, a third configuration of the invention is the same 
. is the fust configuration as comprising a fitting device lo be lit onto the head ot users, but is basically different Irorn 
that configuration in that sunlight oi illuminating light is made use ol as a light source for the pulsed light. Foi the 
puiposc. the third configuration comprises the fitting device provided with a shielding means for shielding the forehead 
of il io fiend including the forehead of users and with a shutter on an opening at the front side of the shielding means 
for intermittently shutting applied light. The third configuration may include the pulsed light frequency adjusting means 
and others as referred to in the first and second configurations. Next, the apparatus for applying the pulsed light lo 
loiehead mainly in the first configuration will be explained. 

The fitting device may employ any kinds and structures which is tightly held on the user's head or forehead, such 
as a bell lype. headphone type, a cap type (helmet lype), etc.. and is preferably to have an adjusting means loi adjusting 
iho lilting device correspondingly to the sizes of users heads to enable the tilting device to be tightly held on the users 
heads The lilting device may comprise a retention member mountable to the forehead by adhesion or adsorption. 

The light emitting means comprises a light source and a light emitter having the light source therein. The light 
source is not limited in kinds but may preferably employ LED (light emitting diode) to reduce power consumption. The 
light source may alternatively use visible radiation or infrared rays. The light emitting means may be lixed directly to 
H io titling device or connected thereto through an arm. a support plate, etc. In case the fitting device is the helmet oi 
the retention member in adhesion or adsorption type, the lilting device itself may serve as the light emitting means or 
the light emitter. The light emitter may be shaped in a plate, dish or cup. In case the light source is substantially apart 
trom the lorchoad, the plalc-likc or dish-like shapod light emitter possibly causes the light to be scattered and applied 
to the eyes oi users. The present invention does not deny application of pulsed light to the eyes. But. when the pulsed 
light is applied lo the eyes, the relaxation is likely to be hindered as foregoing. And particularly in reading necessitating 
power of concentration, application of pulsed light has to be avoided. Hcnce : for use of the plate-like or dish-hkc shaped 
ligi n erniiter. it is prelerable to provide an eye-shielding member to prevent pulsed light from being applying to the eyes. 
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The light emitter in a cup-like shape may be adapted at its front edge to adhere to or face near the forehead. Also, for 
use cf the apparatus according to the invention in a bright place, it is preferable to provide a shielding means for 
shielding the forehead to prevent the same from being applied with foreign lights. The cup-shapod light emitter provides 
• <i merit to also achieve the function as the above shielding means. Shapes of the light emitter particularly ol the cup 
type, may be circular or transversely elliptical, but preferably longitudinally elliptical or in the form of upside-down 
tnanqle (or application of light to the forehead including its central part. 

As electrodes lor measuring brain waves, at least two electrodes such as an electrode for brain waves and that 
lor grounding are required. Assembling positions of electrodes are not specifically limited, but the electrode for brain 
waves may be adapted to contact with the forehead, so that production of alpha waves (or alpha waves and thela 
waves) at the forehead are picked up more precisely and readily. In this case, since the electrode when adapted to 
contact with the central part of the forehead hinders application of pulsed light, it may bo adapted to contact with the 
tdtoial pari of forehead, i.e., temples or the area near the same. The grounding electiode is used usually by lilting to 
oai lobes. An electrode (or brain waves of a brain wave measuring device quite separate from the apparatus lor applying 
puised light lo lorehead according to the present invention may be made use of in the invention. In this case, assembling 
nuch electrode in the fitting device is not required. But. in case the brain wave electrode is assembled in the fitting 
device, handling and operation are simple and easy. Assembling the brain wave electrode in the fitting device is es- 
sential particularly in the automatic adjustment type which causes the light-applying frequencies lo correspond to a 
representative value of alpha waves (or alpha waves and theta waves, or theta waves) produced inherently by users. 

The brain wave measuring electrode is connected with a brain wave indication means which indicates a repre- 
sentative value of frequencies in alpha wave range produced in brain of users. The brain wave indication means selects, 
by a filter (e.g.. a bandpass filter 10Hz), brain wave only in alpha wave range picked up Irom users, calculates average, 
cent or value, peak average, maximum va!uo : etc., of the selected brain wave through arithmetic process, and indicates 
ihc values visibly by an electronic display tube or the like (digital or analog display), and vocally speaks out specilic 
niimoiial values. Warning sounds may be produced for the case that average of user's inherent alpha wave and other 
values above deviates, more than a predetermined range (e.g., about 0.5Hz), from a frequency set by user in use of 
ihc apparatus. The brain wave indication means when assembled directly in the fitting device is quite troublesome to 
use particularly, in the visible type. Hence, the brain wave indication means may be provided separately fiom the mam 
body (tilting device) to have communication therewith through transmission of signals with wire, radio or infrared or 
the like. The brain wave indication means making indication by sounds may bo assembled in the main body, i.e. the 
fitting device in the headphone type and helmet type. The brain wave indication means is not essential for the aforesaid 
"automatic adjustment type" but may be provided to enable users to know the frequencies of their inherent alpha waves 
rn use of the apparatus. 

Next, the pulsed light frequency adjusting means will be detailed. The adjusting means is provided for enabling lo 
i'ipply ;i pulsed light of a frequency which is equal to or near a representative value of user's inherent alpha waves. 
The adjusting means has different structures lor manual and automatic operation. For manual operation, the frequency 
.'jdjusting means comprises a switch or dial for selecting any frequency equal to or near a representative value of 
inherent alpha wave shown by the brain wave indication means, and graduation showing frequencies. User sets a 
frequency for pulsed light to a representative value of their inherent alpha wave (e.g.. shown with 0.1 - 0.2Hz as a unit) 
visibly or audibly received by them. Since the operation when repeated frequently is troublesome and hinders relaxation 
and powerof concentration, it is preferably to be carried out at intervals of from several minutes to dozens ol minutes. 
The pulsed light frequency adjusting means in manual operation typo may be separate from the main body (fitting 
(ievtce) to bo readily and accurately operable. In such case, the adjusting means may be formed integrally with the 
aforesaid brain wave indication means and have communication with the main body through transmission of signals 
with wire, radio or infrared. 

The pulsed light frequency adjusting means in automatic operation type performs operation in an electric circuit 
thereby not requiring the conlrol unit such as a switch, dial and graduation for frequencies. The electric circuit may 
employ any structures which amplifies user's brain wave signals picked up (he brain wave measuring electrode, extracts 
only a signal component in the range of from 6 to 13Hz corresponding to alpha wave through a filter lo calculate a 
representative value of the signal component, and outputs a pulsed-light applying signal in the frequency range equal 
lo oi near the representative value. Among brain waves of users in sleep, Iheta waves (4 - 8Hz) arc moic possibly 
prevalent in comparison with alpha waves (8 - 1 3Hz). or it is largely possible that brain waves having lower alpha waves 
(= - 9H/\ together with theta waves arc produced. Hence, the pulsed light frequency adjusting means particularly in 
the automatic adjustment type may be preferably adapted, in consideration of the stage in sleep, to extract signals in 
theta wave band or in the band of alpha waves with theta waves to calculate a representative value thcreol. Also, a 
pluialily of bandpass fillers having dilfcrnt transmission frequencies may be provided lo be switched for the respective 
stages of awareness and sleep of users. 

Iircspcctivc of manual or automatic operation, the light emitting means turns on and off according to photic stimulus 
signals corresponding ihe representative value of alpha wave (or alpha wave with theta wave), and applies the pulsed 
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light lo the forehead ol users (or stimulation. By this, brain waves produced by the user mostly become near that 
hcquency range, so that relaxation and power of concentration are favourably maintained and further improved The 
apparatus for applying pulsed light to forehead according to the present invention when used alter relaxation cr power 
of concentration is kept to some extent (about 5 - 20 min) provides a smooth induction of brain waves without harmful 
effects as causing users to loci ill. In view of such fact in the foregoing experiment resulis that when application of light 
and stoppage were repealed every 10 to 20 min. NK cell activity was occasionally seen also in the stoppage stale, 
application of pulsed light may be carried out either continuously at a fixed time or in such manner that application and 
tloppagc arc repeated every suitable time. Control for this may be made mannually or automatically by use of a timer, 
etc 

The apparatus for applying pulsed light to forehead according to the present invention needs a control unit for 
processing signals and a power source lor the control unit and the light emitting means, in addition to the above com- 
ponents. Those may be assembled in the main body (the fitting device) or formed integrally with the brain wave indi- 
ciition means and/or the frequency adjusting means 

The foregoing apparatus for applying pulsed light lo forehead is used by fitting the apparatus itself to the head ot 
users The lilting procedure may be occasionally troublesome or the apparatus may disturb sleep of users A desk- 
larnp type of the apparatus applying pulsed light to forehead may relieve users from the worries. This type ol apparatus 
in use is fixed, for example, on an ordinary shelf or a shelf nearby a bed, or put on a desk, and adjusted in length and 
angles of an arm member to cause the pulsed light to be applied to the forehead of the user in sitting position or face- 
up position. In this case, the light emitting means may be modified in shape or an eye mask may be used to prevent 
pulsed light from going into the eyes. In reading at the desk with a strong light illuminating the desk surface, the pulsed 
light may be applied to the front side of the parietal region to allow user not to bo irritated so much by reflection of the 
pulsed light on the desk surlace. 

The above two typos ot apparatus applying pulsed light to forehead arc each provided with a light emitting moans 
The appaialus may include such means in place of the light emitting means as using sunlight or illuminating light tor 
H ie pulsed light This type of the apparatus comprises a fitting device provided with a shielding means for shielding 
user's forehead or the head including the forehead, and a shutter which is provided on an opening of the shielding 
means at the front side and intermittently shuts a light to be applied. In this case, frequencies of pulsed light ate 
determined by the number of shutting/opening of shutter per unit time. The shutter may be structured mechanically oi 
employ such feature electrically controlling clarity ol a transparent member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. i(a) is an explanatory view showing a procedure of PFB in Experiment A(a) applying pulsed light in front of 
the eyes not shielded against light, Fig. 1(b) a graph showing a change of NK cell activity in Experiment A(a). Fig. 1 
tc) a giaph showing a change of NK cell activity in Experiment A(b) applying pulsed light to the forehead wilh the eyes 
not shielded against light, and Fig. 1(d) a graph showing average and dispersion (standard deviation) of the values of 
testees rclcrrcd lo Fig. 1(c). 

Fig 2(a) is an explanatory view showing a procedure of 1st and 2nd PFB in Experiment B applying pulsed light to 
the loichcad of tcstcos with eyes being shielded with eye masks and one dish-type electrode being tit onto the right 
side pari of forehead, and Fig. 2(b) a procedure of 21st. 22nd PFB drafted under the same conditions. 

Fig. 3 ts a graph showing transition of standard deviation (SD) of Ircqucncy of alpha wave detected at the right 
lotohoad (Fp 2 ) each three minutes three limes until 9 min alter start of 1 st and 22nd PFB to the lorehead in Experiment 
3 (n r_ 7 ) 

Fiq. 4(a) shows at the upper graph part a graph of prevalent brain wave appearance for one of testoes at five 
fiequcncy bands in Experiment B. at the middle graph part a graph showing transition ol amplitude of brain waves at 
the live Irequency ranges, and the lower graph part a graph showing transition of amplitude of brain waves only upon 
application of pulsed light, and Fig. 4(b) is the similar graph of ihc other tostee. 

fig 5(a) is a graph showing a change of NK cell activity(%) in the testees at the stages before 1st PFB. during 
ill si. 22nd PFB and in the rested/eyes-closed states before and after the 21 si. 22nd PFB in Experiment B. and Fig 5 
(bi average and dispersion (standard deviation) ot NK cell activity in seven testees. 

Fig. 6 is a graph showing a quantitative change of CD57x16++ at the stages immediately before 1st PFB. during 
2 let. 22nd PFB and in the rcstcd/eycs-closcd slates before and after 21st. 22nd PFB in Experiment B. 

Fig 7 is a graph showing a quantitative change of CD57x16-+ at the stages immediately before 1st PFB. during 
2 1st. 22nd PFB and in the rcsted/cyes-closcd states before and after 21 st, 22nd PFB in Experiment B. 

Fig. 5(a) is an explanatory view showing a procedure of 1st. 2nd PFB in Experiment C-1 wilh anti-light shielding 
not provided on the eyes of testee not yet operated; Fig. 6(b) an explanatory view showing a procedure of 2ist 22nd 
PFB drafted under the same conditions; Fig. 6(c) an explanatory view showing a procedure of 1st. 2nd PFB in Exper- 
iment C-2 with anli-light shieldingnot provided on the eyes of testee already operated, Fig. 8(d) an explanatory view 
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showing a procedure ol 21 st, 22nd PFB drafted under the same conditions, and Fig. 8(c) an explanatory view showing 
h procedure of 21st, 22nd PFB in Experiment C-3 with shielding provided on the eyes of tes;ee already operated. 

Fiq. 9(a) is a graph showing a change of NK cell activity (by bent line), average of amplitude of produced u i waves 
'hatched bat qiaph(1)). ratio of lime when a 3 wave was prevalent (hollow bar graph (2)) at the stages in 21 si. 22n:i 
PFB and in the rcstcd/eyes-closcd states before and after the PFB in Expcrimcn! C-1 Fig. 9(b) a graph for Exocnmcnt 
C-2 dialled under the same condilions as Fig. 9(a). and Fig. 9(c) a graph lor Experiment C-3 draltcd under ihe same 
conditions as Fig. 9(a). 

Fig. 10 shows an example of an apparatus for applying pulsed light lo forehead according to the present invention. 
Fig 10(h) being a perspective view and Fig. 10 (b) a side view showing the apparatus fit onto the head of user. 

Fig. 11 is a perspective view showing another apparatus for applying pulsed light to forehead. 

Fig 1 2 is a schematic circuit diagram of a control unit used for automatic adjustment of frequencies ol pulsed light. 

Fig. 13 is a perspective view showing still another apparatus for applying pufsed light to forehead, the apparatus 
being tit onto the head of user. 

f ig. 14 is a perspective view showing slill another apparatus for applying pulsed light lo forehead, the apparatus 
being lit onto the head of user. 

Fig. 15 is a perspective view showing still another apparatus lor applying pulsed light to forehead, the apparatus 
being fit onto the head of user. 

F ig. 16 shows an example of an apparatus for applying pulsed light to forehead serving also as a goggle for photic 
driving reaction, Fig. 16(a) is a perspective view of the stale serving as the goggle and Fig. 16(b) a perspective vtcw 
uf iho slate seiving as the apparatus for applying pulsed light to forehead 

f ig. 17 is a perspective view showing another example of apparatus for applying pulsed light to forehead having 
;-t different lilting device. 

Fig 18 is a perspective view showing an example of a desk-lamp type of apparatus for applying pulsed light to 
forehead in use. 

Fig. 1 9 is a perspective view showing an example of an apparatus for applying pulsed light to forehead with inter- 
mittently shutting external light. 

FM BO DIME NTS 

Next the prevent invention will be detailed with referring to the examples shown in the drawings. 

Fig 10 shows an example of an apparatus for applying pulsed light to forehead according to the present invention. 
Fig. 101a) being a perspective view and Fig. 10(b) a side view showing the apparatus fit on the head ol user. The pulsed 
light applying apparatus 1 is in the belt type and comprises a band type fitting device 2 and an elliptical cup-like light 
emitting means 3 lixcd at the Iront and upper part ol the fitting device 2 through two support members 4. The hliinc; 
device 2 is adjustable in mounting length through an area fastener 2a. An electrode 5 for brain waves is hxed on the 
titling device at its inner side near the part mounting the light emitting means 5. A grounding electrode 6 is mounted 
to the lilting device 2 through a code 61 . The light emitting means 3 comprises, as seen in the partially enlarged Fig. 
10(b). a light emitter 31 in an elliptic cup-like shape and a light source 32 fixed at the bottom of the light emitter 31. 
When the apparatus is tit onto the user's head as shown in Fig. 10(b), a front thinner edge 31 a of the light emitter 31 
lightly fits to the forehead of user. Hence, the forehead is prevented from receiving foreign lights and the pulsed light 
in not applied to the eyes. The light emitting means 3 may be connected with the fitting device 2 by use of an auxiliary 
support member 4a. as shown in Fig. 10(b) by the chain line, to allow the tight emitting means 3 lo further surely tiqhlly 
fit onto the forehead. 

Alternatively, as seen in Fig 11, the light emitting means 3 may mount a band serving as the fitting device 2 without 
use of the support member 4 : thereby enabling application of pulsed light to the forehead including its central par t The 
effect is the same as of the feature shown in Fig. 13 described later. There is said such opinion that when the head is 
picssuri/cd and shmulatcd ; hair on the head is facilitated to grow. For this purpose, the band body ol the band-type 
iittinr: device 2 shown in Figs. 10 and 11 may be formed with a hollow member such as a tube in which air is injected, 
huithcrmore. the apparatus for applying pulsed light to forehead 1 shown in Fig. 10 has a wire 7 extending from the 
lilting device 2 and having a control means 8 at the utmost end. The control means 8 comprises a brain wave indication 
means, frequency adjusting means, control panel and power source box and includes a brain wave display 81 fre- 
quency adjuster 62. switch 83, timer 84 and bu^cr 65. 

In use of the light-application apparatus 1 , for relaxation user first sits on a chair to rest for about from 5 to 20 min 
and men wears the apparatus on the head and turns on the switch 83. And (or enhancing power of concentration, user 
I if docs intellectual activity such as reading, calculating, etc., for about from 5 to 20 min. and then, fits the apparatus 
on the head and turns on Ihe switch 83. A representative value (average, etc) of alpha waves among brain waves 
picked up through the electrode 5 is then displayed on the brain wave diaplay 81 . User reads the value and turns the 
( liat lo a coi responding frequency. By this, a pulsed light in the frequency range equal to or near Ihe aveiage of user's 
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own alpha wave is applied from the light omitting means 3 to the forehead. When the application of pulsed light con- 
tinued, the representative value having frequency of user's own alpha wave may happen to fluctuate. Hence the 
representative value of user's own alpha wave may be displayed every predetermined time (e.g., several minutes to 
sevcial dozens o( minutes) to adjust the frequencies of pulsed light, providing further favourable effects In this example, 
li io control means 8 is connected to the fitting device 2 through the wire 7 but alternatively through radio or infrared lo 
enable signals transmission therebetween and increase freedom upon operation. The timer 84 may be used to indicate 
time passed after start ol use of the apparatus, and the buzzer lor warning the case the inherent alpha wave deviates 
from the frequency of puised light, or for informing expiration of set time. The buzzer may be substituted wilh a speaker 
which indicates by sounds signals the information of instanlenous state of user's inherent alpha waves. 

Fig. 1 2 is a schematic diagram showing an example of a circuit 9 for control means used for the case of automatic 
Mdiustmcni of pulsed light frequencies, differing from the above example. First, brain waves picked up the electrode 5 
is amplified by an amplifier 91 , from which a filter 92 selects only those in alpha wave band, and a microcomputer 93 
calculates average of thereof. Then, a level adjuster circuit 94 stabilizes outputs level, and a LED drive unit 95 performs 
voltage-current conversion to switch on the light source 32 at the light emitting means 3. An operating parts such as 
power source, switches, etc. , are omitted from the drawing. Reference numeral 1 2 designates a shielding member for 
shielding the eyes from light. 

Fig. 1 3 shows another example of the belt-type of the apparatus applying pulsed light to forehead. The pulsed 
light-applying apparatus 10 comprises a band 2. two support members 11 and a tight emitting means 3 supported by 
the band 2 and support members 1 1 . The light emitting means 3 has a dish-like shaped light emitter 33. Thus, pulsed 
light is possibly applied also to the eyes. An eye-shielding member 12 is provided for preventing the eyes from being 
applied with the pulsed light. Reference numeral 13 designates an antenna which is connected, by radio, to a control 
moans having the circuit exemplified in Fig. 12. 

Fig 14 shows an example of an apparatus for applying pulsed light to forehead comprising the lifting device in a 
cap (helmet) type. The pulsed light-appying apparatus 14 includes an elliptic cup-shaped light emitting means 3 as- 
sembled in the cap type fitting device 15 at its part corresponding to the user's forehead. The apparatus has a chin 
strap 16 lor surely tilting the device on the head of user. Reference numeral 17 designates an earphone through which 
user listens to information of their instanleneous own alpha waves through sound signals. A light source emitting 
inharcd. particularly, extreme infrared radiation may be assembled inside the cap-type fitting device 15 to stimulate 
scalp, enabling favourable effects for growing hair on the head. In this case, the cap-type fitting device 15 may be 
adapted to bo worn deeply lo enable the forehead to be applied with pulsed light in the slantwise upward direction 
thereby eliminating provision ol the light emitting means 3. 

Fit). 1 5 shows an example of an apparatus tor applying pulsed light to forehead provided wilh the lilting device m 
a headphone lype. The light-applying apparatus 18 comprises the headphone type titling device 19 which retains at 
the central part a support arm 20 at the free end of which a cup-shaped light emitting means 3 is mounted. The support 
arm 20 is adapted to push the forehead through a spring 21 . 

Fig. 1 6 shows an example of an apparatus for applying pulsed light to forehead which also serves as a goggle lor 
photic driving wilh respect to eyes. The light-applying apparatus 22 comprises an eye-mask 23 which is loldcd at the 
folding pact 23a The apparatus 22 when developed as seen in Fig. 1 6(a) provides a photic driving goggle, and becomes 
the apparatus tor applying pulsed light to forehead when folded as in Fig. 16(b). Reference numeral 24 designates a 
band, and 24a an area fastener. Users may want to separately use enhancement of relaxation and power of concen- 
tiation. and the apparatus in this example satisfies both of the purposes with the single apparatus 

Fig 1 7 shows an example ol an apparatus 25 lor applying pulsed light to forehead having the fitting device different 
horn those examples. The light-applying apparatus 25 comprises a fitting device which is made of a flexibile and ad- 
hesive retention member 26. and a light source 32 embedded in the retention member 26. The retention member 26 
has a body 26a which has shading properties and is provided on its one surface with an adhesive layer 26b. The 
retention member 26 itself serves as a light emitting means 31 . The retention member 26 are connected to brain wave 
electrode 5 and grounding electrode 6 through wires 51 and 61, respectively. Fitting ol the apparatus 25 lor applying 
pulsed light to foiehead may be performed by adhering at and near the central pari of forehead with the adhesive layer 
?£ib. Measuring brain waves and control of pulsed light may be carried out by use ot the control means 6 shown in Fig. 
10(H) Alternatively, as shown, a control unit 27 including a pulsed light frequency adjusting means, power source, and 
control pact each miniaturized may be integrally provided with the retention member 26 to make small and lightweight 
(he whole apparatus 25 and cause users not lo feel a sense of incongruity in sleep using the apparatus. Though not 
shown the retention member 26 may employ a member having adsorption properties in place of the adhesive features. 
These type ol titling device allows the light source to bo tightly tit onto the forehead, thereby enabling use of a light 
souicc even ol less luminance. 

Fig 1 8 shows an example of a desk lamp type ol apparatus 40 for applying pulsed light to forehead. The apparatus 
40 comprises a base 41 having a lixing means 41 a, a light emitting means 42 and a shiftalc and deformable arm 43 
connecting the base 41 and the light emitting means 43. The apparatus 40 is lixed at the base 41 , lor example, on a 
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shell 44 provided near a bed to apply pulsed lighl lo the forehead ol user in lace-up position. The pulsed light is 
proloiably to be applied in a form ol a ring-like or semi-ring-like shape or of focused light of spotlight. Eye-masks 45 
may be usable when required. Though not shown, the apparatus 40 in this example also may include the brain wave 
measuring electrode, brain wave inducing device, elc. or these devices may be separately provided and connected to 
otic another by use of infrared or the like 

An apparatus 46 lor applying pulsed light to forehead shown in Fig. 1 9 comprises a shielding means 47 lor shioiamq 
the forehead or the head including the forehead, of users, a band 24 fixed to the shielding means 47. ana a shuttct At} 
which is provided at an opening 47a on the front side of the shielding means 47 and intermittently shuts applied light 
from sunlight or an illuminating instrument without provision of the light emitting means 3. Reference numeral 24a 
designates an area fastenner. The shutter 48 in this example comprises a frame plate 49 having slits 49a and a rotary 
disc GO which is coupled therewith, has corresponding slits 50a and driven by a motor 51. The motor 51 may use a 
pulse motor lo allow applied light to define excellent pulses. Frequencies of the pulsed light are determined depending 
upon the number and shapes of slits and number of revolutions of the rotary disc 50. Brain waves of users are measui cd. 
based on which the number of revolutions of the rotary disc 50 is controlled manually or automatically by a similar 
device to the foregoing pulsed light frequency adjusting means. Reference numeral 52 designates an extinction plate 
for preventing eyes from a strong sunltghl. The extinction plate 52 may be opened and closed in the longitudinal di- 
rection. The extinction plate 52 may be substituted with a shading plate. Also : two rotary discs, in place of the frame 
plate 49 and a single rotary disc 50, may be employed to bo rotated reversely to each other or in different number ot 
revolutions from each other, by use ol a pulse motor to enable the pulsed light to be applied uniformly on the lorchcad 
The apparatus 46 in the example may be used to enable sunlight (which is said to be effective for health of human 
bodies) to be simply and surely applied as a pulsed light to the forehead of users. Though not shown, the apparatus 
46 may include the brain wave measuring electrode and brain wave inducing device and others, or those devices may 
be separately provided to be connected to one another by use of infrared, etc. 

FFFECTS OF THE INVENTION 

At; explained above, the method according to the present invention wherein pulsed light in the frequency range of 
0 f> 1 3H/ is applied to the forehead or the head including the forehead with foreign lights being shielded, to enhance 
iinmunosurveillance capacity, particularly NK cell activity, as well as power pi concentration. Preferably, Ircqucncics 
of pulsed light is set to a frequency equal to or near a representative value in the frequency range of alpha waves 
obtained by measuring brain waves of users, and application of pulsed light is carried out with the eyes of user being 
shielded against the pulsed light. As a result, the invention has the following various effects. 

( l } Application of pulsed lighl with the eyes being shielded was carried out to enhance NK cell activity and increase 
alpha wave components at the forehead, thereby providing favourable relaxation and facilitation of power ol con- 
centration. However in case pulsed tight was applied also to eyes closed, alpha waves largely increased but NK 
cell activity did not show a significant increase. 

(2) NK cell activity increased in a patient of cancer who being in administration of anti-cancer drug. 

{'Si Only application of pulsed light to the forehead or the head including the forehead is quite readily carried out 

and does not pain users, not at all cause them lo teel anxious or uncomfortalbe and is a completely noninvasive 

method. 

(4) Large ellecl of NK cell aclivily can be obtained to be significant in prevention of carcinogenesis and dislocation 
oi cancer 

I Vt NK cell activity can be improved without necessity of administration of medicines such as interferon, etc. And 
there arc no production of resistance and no fear ol adverse effect, diflering from the conventional administration 
of medicines or immunotherapy 

fo) Asatcly process for about one hour provides a large increase of NK cell aclivily, more excellent than the various 
therapies and administration of medicines hitherto known. 

(7) Noradrenaline decreases to provide an effective circumstance tor immunosurveillance. In addition, adrenaline. 

dopamine, p -endorphin did not change, thereby having no adverse effect in this regard. 

ic\ The invention provides effects in sleep as well as in awareness to thereby be usable long. 

(if) The invention docs almost not take running cost and docs not make users bear excessive expenses. 

I he apparatus for applying pulsed light to forehead comprises a light emitting means for applying pulsed light in 
the i icuucncy range of aipha wave to the forehead or iho head including the forehead of users, a pulsed lighl frequency 
adjusting moans a brain wave measuring eleclrode and a fitting device to be detachabiy fit onto the head of user 
Hence, the invention provides the following various effects. 
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f l ) The invention is simple in structure to be miniatured and cheap to produce. 

(2) The basic structures are a belt-type, cap or helmet type, headphone type, or retention member type through 
adhesion or adsorption. Thus, users do not fool uncomfortable when fitting the device on the head or forchc.-id. 
nuO the device is readily usable. 
£ (3) The retention member type may be subminiaturized lo be favourably used in sleep. Also, the desk lamp type 

not lit on the head enables users to readily use the device in face-up position in sleep. 

(4) The main body when separately provided from control means can be made lightweight. The main body when 
connected with the control means through radio or radiation has merit providing no troublesome usage 

(5) The invention provided with a brain wave inducing device in which a representative value of brain waves in 
to user's own alpha wave band is obtained and fed back as a light-applying signal for pulsed light, does nol cause 

biHinol users to be extremely tired in a long use. but provides effects of maintenance and improvement of relaxation 
ot inlcllectural concentration. 

(f>i The invention including the eye-shielding means does nol cause pulsed light to be applied lo the users eyes, 
ihoroby nllowmg users to maintain a complete relaxed stale quite favourably. 

i.7 1 The invention having the eye-shielding means bears a continuous long time use and can be used with the 
vscis' eyes being opened while user is doing a separate activity. 

(?) The invention having the eye-shielding means is usable while thinking, calculating or reading requiring power 
of conccnlration is continued. Hence, user's own alpha wave changes into alpha wave in a frequency range pref- 
erablc for activating intellectual activities to thereby further increase power of concentration, which state is quite 
£0 suitable for studying for entrance examination, etc. 

(9) Operation is simple and sure as that user can manually adjust the frequencies of pulsed light while visibly or 
Hudibiy observing average, etc of user's own alpha waves. 
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Claims 

1. Method ol noninvasivoty enhancing immune-surveillance capacity wherein a pulsed lighl is applied lo a user's 
forehead or the head including the forehead 

2. Method of noninvasive^ enhancing immunosurveillance capacity as set forth in claim 1 , wherein application of the 
pulsed light is earned out in a dim or dark atomosphcre. 

3. Method of noninvasive^ enhancing immunosurveillance capacity as set forth in claim 2, wherein application of the 
pulsed light is carried out with the user's eyes being shaded. 

4. Method of noninvasively enhancing immunosurveillance capacity as set forth in claim 1 . 2 or 3. wherein application 
oi ihc pulsed lighl is earned out by a lighl emitter provided in a lining device detachably fit onto the head of Ihc usci. 

5. Method of noninvasively enhancing immunosurveillance capacity as set forth in claim 4, wherein application ol the 
puised lighl is carried out by a lighl source arranged inside a shielding device which shields the foiehcad ot the 
whole head of the user. 

6. Method of noninvasively enhancing immunosurveillance capacity as set forth in claim 1 2. oi 3 wherein application 
ol the pulsed light is carried out by a lighting means which is not tit to the user. 

7. Method of noninvasively enhancing immunosurveillance capacity as set forth in claim 1 . 2. or 3 wherein application 
of the puised light is carried out by fitting onto the head of the user a fitting device provided with a shutter which 
intermittently shuts sunlight or lighting beams. 
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8. Molhod of noninvasively enhancing immunosurvoillance capacity as set forth in claim 1 . wherein a state ol applying 
ihc pulsed light to the forehead and another state of not applying so are repeated at each interval of from a few 
minutes to a several dozens of minutes. 

9. Method ol noninvasively enhancing immunosurvoillance capacity as set forth in claim 1 , wherein the frequency ol 
the pulsed light is 0 5 Hz to 13 Ht. 

10. Method of noninvasively enhancing immunosurvcillancc capacity as set forth in claim 9, wherein the frequency of 
the pulsed light is a representative value of u wave obtained by measuring brain waves of the usei or any frequency 
near that representative value. 

1 1 . Method of noninvasively enhancing immunosurveillance capacity as set forth in claim 1 0. wherein a representative 
vjilue ol a wave measured by a electroencephalograph or any frequency near that representative value is set by 
manual operation. 

12. Mclhod ol noninvasively enhancing immunosurveillance capacity as set forth in claim 10, wherein during applica- 
tion of the pulsed light, a brain wave signal of the user is directed to a brain wave inducing apparatus which 
apparatus picks up a signal component in the range of a wave to calculate a representative value of that signal 
component and feeds back the representative value or any frequency near the same as a lighting signal. 

13. Method ot noninvasively enhancing immunosurvcillancc capacity as set forth in claim 10, 11 or 12. wherein with 
(ho forehead being in Ihe slate not applied wilh light, the user is kept quiet or rested for from a few minulos lo 
rjcvcral dozens ot minutes and brain waves of the user in this time arc measured to determine an initial pulsed 
light's frequency. 

14. An apparatus for applying pulsed light to forehead comprising a fitting device which is dctachably tit onto the head 
of Ihe user and is provided wilh a light emitting means which applies a pulsed light to the forehead ol the user. 

15. An apparatus lor applying pulsed light lo forehead as set forth in claim 14. wherein the filling device is provided 
with a shielding means tor preventing an outside or foreign light from hitting the forehead of the user. 

16. An apparatus lor applying pulsed light to forehead comprising a lilting device which is detachably fit onto Ihe head 
of the user and is provided with a lighl emitting means which applies a pulsed light to the user's whole head including 
Ihc forehead of the user. 

17. An apparatus for applying pulsed light to forehead as set forth in claim 17. wherein the fitting device is provided 
with a shielding means for preventing an outside or foreign light from hitting the user's whole head including the 
lorehead. 

1 8. An apparatus for applying pulsed light lo forehead as set forth in claim 1 4 or 1 5 : wherein the light emitting means 
comprises a light source and a light emitter mounting the light source. 

19. An apparatus for applying pulsed light to forehead as set forth in claim 14. 16 or 18. wherein the light source of 
Ihc light emitting means employs LED. 

20. An apparatus lor applying pulsed light to forehead as set lorth in claim 19, wherein the front edge of the light emitter 
is adapted to be placed closely or lightly to the forehead of the user. 

21. An apparatus for applying pulsed tight to lorehead as set forth in claim 16, wherein the tilting device nsclt serves 
a$ ihc light emitting means. 

22. An apparatus lor applying pulsed lighl to forehead as set lorth in claim 14 or 16, wherein the lilting device is 
piovided with an eye-shielding member which prevents the light from the light emitting means from going into ihc 
oyes of the user. 

23. An apparatus for applying pulsed light to forehead as set forth in claim 14 or 16. wherein the frequency of ihc 
pulsed light is 0.5 - 13H?. 
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24. An apparatus for applying pulsod light to forehead as set forth in claim 23, wherein the frequency of the puisod 
light is a representative value of the frequency of a wave generated originally by the user's brain or any frequency 
near that representative value. 

25. An apparatus for applying pulsed light to forehead as set forth in claim 14 or 16, wherein the fitting device is 
provided with an adjusting means for adjusting the frequency of a light to be applied. 

26. An apparatus for applying pulsed light to forehead as set forth in claim 14 or 16, wherein the fitting device is 
provided with electrodes for measuring brain waves. 

27. An apparatus for applying pulsed light to forehead as set forth in claim 26. wherein provided is a brain wave 
indication means which is connected to the brain wave measuring electrodes and indicates the representative 
value of the frequency in the range of a wave. 

28. An apparatus for applying pulsed tight to forehead as set forth in claim 27, wherein the brain wave indication means 
makes analog or digital display for visible observation. 

29. An apparatus for applying pulsed light to forehead as set forth in claim 27, wherein the brain wave indication means 
liansmits the representative value of the frequency in the form of a sound signal. 

30. An apparatus for applying pulsed light to forehead as set forth in claim 25, wherein the adjusting means for adjusting 
Hie frequency of pulsed light is a manually operable frequency adjuster for causing the frequency of pulsed light 
to correspond with the frequency indicated by the brain wave indication means. 

31 . An apparatus for applying pulsed light to forehead as set forth in claim 25, 27 or 30, wherein the frequency adjuster 
ii5;clf or the frequency adjuster with the brain wave indication means is formed separately from the main body and 
is communicated therewith through wire, radio or a light. 

32. An apparatus for applying pulsed tight to forehead as set forth in claim 25, 26. 27 or 31, wherein the adjusting 
means for the frequency of pulsed light picks up a signal component in the range of a wave and/or H wave among 
brain wave signals of the user from the brain wave measuring electrodes and calculates a representative value of 
(hat signal component, and feeds back the representative value or any frequency near the same as a light applying 

signal. 

33. An apparatus for applying pulsed light to forehead comprising a lighting device in a desk lamp type to be put on 
or fixed on furniture such as a desk, chair, bed, etc., and including a basc ; a light emitting means for applying 
pulsed light connected to the base throgh a shiftabfe or deformable arm, and a frequency adjusting means lor 
adjusting the frequency of pulsed light to 0.5 • i 3Hz. 

34. An apparatus for applying pulsed light to forehead as set forth in claim 33, wherein there is provided integrally a 
brain wave measuring means having electrodes tor measuring brain waves of user. 

35. An apparatus for applying pulsed light to forehead comprising a lighting device in a desk lamp type to be put on 
or tixcd on furniture such as a desk, chair, bed, etc., and including a base, a light emitting means tor applying 
pulsed tight connected to the base throgh a shiftable or deformable arm, and the base assembling brain wave 
measuring electrodes and a brain wave inducing device which picks up a signal component in the range of </. wave 
among brain wave signals of the user from the brain wave measuring electrodes and calculates a representative 
value of that signal component, and feeds back the representative value or any frequency near the same as a light 
applying signal. 

36. An apparatus for applying pulsed light to forehead as set forth in claim 33 or 35 : wherein the light source of the 
light emitting means employs LED. 

37. An apparatus for applying pulsod light to forehead as set lorth in claim 36. wherein shape of the light source is 
nnq-likc. scmi-ring-likc or in the form of focused light of spotlight. 

38. An apparatus tor applying pulsed light to forehead comprising a fitting device detachably fit onto the head of user 
and provided with a shielding member which shields the forehead or the head including the forehead and is provided 
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on an opening at the front side wilh a shutlor tor intermittently shutting a light applied. 

39. An apparatus for applying pulsed light to forehead as set forth in claim 38, wherein there is provided integrally a 
biain wave measuring means having electrodes for measuring brain waves. 

40. An apparatus lor applying pulsed light to forehead comprising a fitting device detachably fit onto the head of user 
and provided with a shielding member which shields the forehead or the head including the forehead and is provided 
on an opening at the front side with a shutter for intermittently shutting a light applied, and also comprising brain 
wave measuring electiodes and a brain wave inducing device which picks up a signal component in the range of 
(/ wave among brain wave signals of the user trom the brain wave measuring electrodes and calculates a repre- 
sentative value of that signal component, and feeds back the representative value or any frequency near the same 
ns h shutter control signal. 

41. An appaiatus lor applying pulsed light to forehead as set forth in claim 14 or 16. wherein the fitting device is in the 
type of a belt, a headphone, a helmet or a retention type mountable to the forehead by adhesion or adsorption 
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